The Direct bxperimental Obscrvation of Cells in Fhenomic Lag

~bstract, By employing colls mutating at & very hizh spontaneons rate
and & grid plate containing a medium totally selective against mutant cells,
direct microscopic observition was made of mutant cells of recent origin
passing through a limited mumber of phenomic lag divicione.

The concept that cells immediately following mutation are phenotyrical-
1y mormal 4l require several generations for mutant phenotype expression has
becn invoked to interpret discrepancies in mutaticn rates estimated Ly varie
oug methods (1), and to interpret the affect of intermediate cultivation after
expesure to mutagens, on the nwiber of wutants expross:d (£,3)e Hyan (4) re-
viewed the evidence for phenomic lag «nd cuncluded that it wue not compelling,

The 1i-elihood of direct obscrvution of & neuborn mutant in phenomic lag
is unreasonidbly small where the mutation rate is lowe, where the rute is hich
(8ege 10=y0% as in the cytoplasmic mutution to resrireticn deficiency in some
yeast straing) the dirsct observatiun of phencmic lsg becomes rassible on a
medium tetally selective against the mutant, Under these conditions cne proe-
dicts that normal cells should form colonies (cumplete develcprnoent), old nu=-
tant cells or dead cells should fuil to divide (no development), but mutant
cells of recent crigin should exhibit only one or a few divisions (limited
development ), if phenomic lag does in fact ceocure

Intermittent observation of tie developmest of many individual cells on
an agar gurfuce may be made if each cell can be releecated on a gride . cone
venient grid »laic may Le constructed as follows: Ten raccr bLlades are clamp-
ed togethor with the edges aligned cn a nlene surface. Tie clamped blade edpes
are used to cross stamy (ne dry agar surface of a wio day old plate lightly,
yielding a grid of squares approximately D.lam on sdgee Oune drop of a cell

suspension (ca 1 x 10% per ml) is »laced dircetly on the sride If tie apar



is dry the drop is rapidly abscrbed und microscopic observation may be vegun
alnost immediately. The mechanical stage is modified to accomodate a petri
dish, the corner of the grid is locited under low and then high power and, as
the grid is scanned, each cell or configuraticn (singlet, doublst, triplet etc.)
is drawn on a »aper facsimile of the grid. ..t timed intervals the grid is
scanned and the number of cells in each configurdatiocn is awin recorded, In-
termittent microscopic obsarvation may be made of the open nlate for 4t hours
withcut visible interference from airborne contaminants, The tendency of
growth to becone confluent interferes with longer veriods of cbservation,

Two plating media have been emrloyed. Cne, a glucose nutrient agar al-
lows both respiration deficient (aer) and resrirution sufficient (.1R) cells
tc form colonies, T:e other, a lactate nutrient agar allows cnly 41ER cells
to form colonies (5)s When & respiration deficient clonal isolate of strain
U940 (6), growing in exponential phase in glucose nutrient broth was trans-
ferred to plucose grid plates, essentially all cells or configurations de-
velored to form coloniess & low frequency (less than 1%) failed to rroduce
a single bud and were considered dead cslls., When aliguots of the same cul-
ture were studied on lactate grid plates, not a single new bud wus formed in‘
more than 1000 configurations examined, To test whether the aor cells had
died on the lactute agar d doughnut shaped ring of filter paper impregnuated
with glucose was placed on the agar surface surrounding the grid. . fter some
lag essentially all configurations budded on the plates to which glucose had
been adied, The aer cells wers therefore still viable, 4Although previous
observations (5) had indicated that aer cells were incapable of forming macro-
colonies on lactute agar, the observation ¢f the complete failure to form new
buds on the lactate grid plate is more critical evidence for the totally se-

lective character of the medium against aer colls, It does not, however, yisld



any information concerning the ability of uer cells recently arisen from 4.ER
cells to produce buds in the selective medium,

Strain 1W49L0 exhibits a high spontaneous rmtation rate to respiration
deficiency when growing exvnonentially in lactate nutrient broth at 35°C(ca LO%).
The populition consists principally of doublets (cells with attached buds)
with a lower frequency of singlets, triplets, and guadruplets. When samples
of this culture were trunsfer-sd to glucose grid plates, essentially all cone
figurations developed to microcolonies within 24 hours and to macrocolonies
by L8 hours. s small mumber (less than 1%) failed to develop at all and wer:
considered dead cells, On the lactate grid plate, however, many of the cone-
figurutions exhibited limited develormsnt., In a population consisting of
36.8% singlets, SL¥ doublets, 7.8% triplets, i% quadruplets and only 0,3% of
any larger configurations, 61% of the singlets, 23% of the doublets, and 17%
of the triplets showed limited development. To test whether all the cells in
a configuration exhibiting limited development had died, glucose was added to
some of the lactate grid plates after 2L hours via the filter raper ring de-
scribed abova, By L& hours the cells which had shown limited devalopment had
resuned their growth. ¢n contrel rlatos tihe cells which had shown limited ‘
developmaent for 24 hours produced few additional buds between 24 and LB hours,

a strain (14716 x 8256) characterized by a low spontansous matation
rate exhibited limited develcpment in cnly a small proportion of its cells.

The prediction of limited development for considerable number of cells
is thus fulfilled only with 4 strain showing & high mutation rate on & med-
ium totally selective apainst the mutant. PFurther development is produced
by delayed supplementution of the medium with & nutrilite which sustains
mutant srowth, indicating that development is not limited by death.

These cbservations are interpreted as the direct experimental observation



of phemonmic lag (7). wWhen a LER cell produces a ser bud the latter still ree
tains residual resniratory enzyme capacity and can proceed through a number of
divisions until its respiratory capacity is diluted to the level of the aer
cell, OGince the medium is totally selective wgainst cells which lack respir-
atery avility, mutant cell division ceases when the phenomic lag is complstsd,
1f one assumes essentially equal partition of the residual respiratory

capacity during divisicns of a newborn aer mutant, no more than 4 or § vhe-
romic lag cenerations should be possible, The pgrid plate experiments indie
cate that no configurations exhibiting limlted development reached a terminal
size compatible with xre than L phsnomic lapg generutions, These configura-
tions exhibiting fewer than 4 phenonic lag generations probubly arose from
mututions which occurred one or more gensrutions before plating.
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For m/N at equiiibrium,
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% = gﬁéﬁ{ = éﬁ? = aN/kN = a/k obviously, then, m/m+N = a/a+k

Watch the defibition of k: it is the rate at which N cells produce new N cells,
The totall instantaneous growth rate is a+k



